Influenza is an acute respiratory infectious disease that is caused by influenza virus. Local symptoms such as rhinorrhea, cough are usually combined by general symptoms such as high fever and myalgia are common. Symptoms typically start two or three days after exposure to the influenza virus and last less than a week, in other words, self-limited. The most common complication of influenza is pneumonia. Several reports of neurological complications are also reported; meningitis, encephalitis, Guillain-Barré syndrome, acute disseminated encephalomyelitis and myositis.[@B1][@B2][@B3]

Syncope is a loss of consciousness characterized by a sudden onset, short duration and spontaneous recovery, which is caused by decreased blood flow in various situations. Syncope can be observed after viral infection, due to prolonged bed rest, lack of sleep, dehydration with high fever or by direct involvement of cardiac or nervous system. However, the exact mechanism is not clarified. Here, we report patients who experienced syncope after influenza infection confirmed by laboratory tests at a single center during the 2016--2017 influenza season in Korea

This study was performed by a retrospective analysis of patient who visited St. Vincent Hospital, Suwon, Korea from October 2016 to March 2017 and who was diagnosed to have influenza. Influenza was diagnosed based on the confirmatory test using rapid influenza diagnosis test (RIDT; BD Veritor™ System Flu A + B CLIA-waived Device; BD Company, Sparks, MD, USA). This is the most commonly used rapid antigen test for the diagnosis of influenza. Among them, patients who had loss of consciousness were referred to the department of neurology and were consequently registered to our database. Patient\'s demographics and additional clinical information were obtained from the medical record, retrospectively. Patients\' age, gender, previous history of syncope, duration of loss of consciousness, associated symptom, vital signs and concomitant medications information was obtained. All patients received positional blood pressure (BP) test at the outpatient clinic of department of neurology. The electroencephalogram, transthoracic echocardiography and Holter monitoring was selectively performed and the data was analyzed in those who received such tests. The study was approved by the local ethic committee of our center, and informed consent was waived due to the retrospective nature of the study.

The test was based on the protocol of our center for syncope patients; first the patient was lied down for 5 minutes in a comfortable room. After then, the baseline BP and heart rate was measured. The BP and heart rate was repetitively measured by a trained nurse at 1 and 3 minute after standing. Normal response to standing shows slightly increased heart rate and diastolic BP. Abnormal responses are as following: The patient showing more than 20 or 10 mmHg drop in systolic or diastolic BP, respectively, was regarded to have a significant BP drop on standing suggesting orthostatic hypotension due to dysautonomia. Late decrease of BP with bradycardia suggests neuro-cardiogenic syncope. Increase of heart rate more than 30 per minute after standing suggest postural orthostatic tachycardia syndrome.

During the study period, 651 patients visited our center due to influenza. Of them, 14 (2.2%) patients experienced syncope ([Table 1](#T1){ref-type="table"}). The mean age of those patients with syncope after influenza was 48 ± 20 years old, and 9 (64.3%) patients were women. One patient had history of syncope before influenza, who had the longest duration of loss of consciousness (patient number 3). The most common symptoms before loss of consciousness was dizziness (n = 8, 57.1%).

At the time of syncope, only 4 patients had fever and none of the patients showed low BP or dehydration based on laboratory findings including blood urea nitrogen and creatinine level, serum osmolality(\> 295 mOsm/kg) and physical examination including presence of thirst or decreased urine volume.[@B4] C-reactive protein (CRP) was mildly elevated in all patients. Four (28.6%) patients were under anti-viral agent. None of the patients show abnormal finding in the electroencephalogram. Seven patients underwent Holter monitoring, but none of the patients showed arrhythmia. Of the enrolled patients, 3 (21.4%) showed abnormal positional BP test results showing significant BP lowering without a significant increase of heart rate and another 3 (21.4%) patients showed high fever over 38°C ([Fig. 1](#F1){ref-type="fig"}).

The duration of loss of consciousness was mostly less than 1 minute (n = 10; 71.4%), but four (28.6%) patients experienced loss of consciousness for more than 1 minute. Those with duration of loss of consciousness more than 1 minute showed abnormal positional BP test results (3 out of 4 patients; 75%) and high fever (3 out of 4 patients; 75%), whereas none of the patients with short duration of loss of consciousness showed positive orthostatic BP lowering or high fever.

Various pathomechanism is involved in syncope occurring after respiratory infarction such as pneumonia or bronchitis in elderly patients. This kind of syncope was explained by loss of appetite, dehydration and cough related syncope. However, none of our patients had severe cough, sign of dehydration or electrolyte imbalance due to poor oral intake. CRP only increased mildly. The baseline BP was not abnormally low. The characteristics were similar with those with general influenza patients. It may be difficult to predict the occurrence of syncope by clinical characteristics.

Neurological complication in viral infectious disease is not uncommon. However, the exact neuropathogenesis is not clarified yet. Hypothetical mechanisms include direct invasion of the virus to the nervous system, toxin mediated or immune mediated response of the nervous system. Some studies reported that peripheral nerve is directly destructed due to immune response in Guillain-Barré syndrome.[@B5][@B6] The method how viruses are spread throughout the nervous system differs according to the type of viruses, and some viruses involves specific location in peripheral or central nervous system.[@B7][@B8]

There are previous reports of influenza virus directly involving the cardiac muscles (myocarditis) and causing cardiogenic syncope.[@B9] Some syncope after influenza infection was caused by arrhythmia (acute arterioventricular conduction blocks or sinus pauses). However, our patients also did not show any cardiac problem or showed arrythmia from the cardiac evaluations. Still influenza virus may also directly involve the nervous system as other viruses. It may cause adrenergic denervation with decreased vascular sympathetic tone and cause post infectious dysautonomia. In our patients with syncope after influenza, more than half of the patients suffered from dizziness before syncope. Furthermore, more than 20% of patients showed a significant orthostatic BP drop, especially in those with longer duration of loss of consciousness.

Our study has several limitations. First, this was a small study performed from a single center, respectively. Second, detailed autonomic function test including peripheral vascular resistance and adrenal function test or head tilt test was not performed, which may have strengthened our hypothesis. Finally, if such autonomic dysfunction occurs, whether it is transient or permanent may be important for long-term prognosis. A prospective study focusing at long-term follow-up data may be needed to verify this issue.

However, we could find that syncope after influenza is not uncommon, and autonomic function may be involved. Patients suffering with dizziness after influenza diagnosis may be vulnerable for syncope, and positional BP measurement may be a convenient method to screen those patients at risk of long duration syncope after influenza infection.
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![Abnormal results of positional BP test. A decrease in BP without an increase in heart rate was observed in 3 patients (dysautonomia). Results of positional BP test are classified according to the following criteria: 1) Dysautonomia: more than 20 mmHg or 10 mmHg drop in systolic or diastolic BP, respectively; 2) Neuro-cardiogenic syncope: decrease of BP with bradycardia; and 3) Postural orthostatic tachycardia syndrome: increase of heart rate more than 30 per minute after standing.\
BP = blood pressure, HR = heart rate.\
^a^Significant BP lowering without a significant increase of heart rate.](jkms-35-e134-g001){#F1}

###### Patient characteristics and laboratory findings

![](jkms-35-e134-i001)

  No.   Age, yr   Gender   Symptoms                      History of LOC   LOC duration, min   Baseline BP, mmHg   Baseline heart rate (beat per min)   Temperature, °C   EEG                         Holter monitoring   CRP, mg/dL   BUN/Cr, mg/dL   Positional BP             Current anti-viral treatment
  ----- --------- -------- ----------------------------- ---------------- ------------------- ------------------- ------------------------------------ ----------------- --------------------------- ------------------- ------------ --------------- ------------------------- ------------------------------
  1     44        Woman    \-                            −                \< 1                140/95              67                                   37.2              No epileptiform discharge   \-                  1.0          12.6/0.9        No remarkable BP change   Yes
  2     76        Woman    Cold sweat, dizziness         −                \< 1                137/88              66                                   37.5              No epileptiform discharge   No arrhythmia       1.2          10.1/1.0        No remarkable BP change   Yes
  3     24        Woman    \-                            \+               3                   110/60              77                                   38.4              No epileptiform discharge   No arrhythmia       0.9          8.6/0.8         Dysautonomia              No
  4     81        Woman    Dizziness                     −                \< 1                125/85              85                                   38.0              No epileptiform discharge   No arrhythmia       1.42         15.3/0.9        No remarkable BP change   No
  5     45        Man      Dizziness                     −                2                   133/70              88                                   36.8              No epileptiform discharge   \-                  2.2          15.2/0.7        Dysautonomia              Yes
  6     62        Man      Dizziness, chest discomfort   −                \< 1                129/82              78                                   37.4              No epileptiform discharge   No arrhythmia       1.82         6.0/1.1         No remarkable BP change   Yes
  7     25        Woman    \-                            −                2                   112/58              60                                   37.5              No epileptiform discharge   \-                  1.64         7.9/0.5         No remarkable BP change   No
  8     56        Man      \-                            −                \< 1                139/65              62                                   36.5              No epileptiform discharge   No arrhythmia       1.0          9.8/0.7         No remarkable BP change   No
  9     45        Woman    Dizziness                     −                \< 1                137/78              75                                   37.0              No epileptiform discharge   \-                  1.43         12.9/0.8        No remarkable BP change   No
  10    32        Man      Dizziness                     −                2                   129/72              67                                   38.0              No epileptiform discharge   \-                  2.51         17.4/0.9        Dysautonomia              No
  11    72        Man      Dizziness, cold sweat         −                \< 1                132/88              72                                   37.2              No epileptiform discharge   No arrhythmia       0.9          8.9/0.4         No remarkable BP change   No
  12    36        Woman    \-                            −                \< 1                129/65              61                                   37.6              No epileptiform discharge   \-                  1.72         11.5/0.9        No remarkable BP change   No
  13    23        Woman    \-                            −                \< 1                119/62              56                                   36.8              No epileptiform discharge   \-                  1.98         12.3/0.6        No remarkable BP change   No
  14    55        Woman    Dizziness, cold sweat         −                \< 1                137/77              71                                   36.7              No epileptiform discharge   No arrhythmia       2.45         15.1/0.8        No remarkable BP change   No

LOC = loss of consciousness, EEG = electroencephalogram, CRP = C-reactive protein, BUN = blood urea nitrogen, Cr = creatinine, BP = blood pressure.
